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INTRODUCTION
Thais emarginata (Deshayes, 1839) and Thais canaliculata
(Dulcos, 1832), are two common Pacific coast gastropods
(Family: Muricidae).

T. emarginata is found in semi-pro

tected rocky areas from Alaska to Baja California, while
T. canaliaulata occurs in quiet bays from Alaska to Monterey
Bay, California (Ricketts and Calvin, 1966).

Both species

occur on rocks and jetties where they can be seen feeding
upon barnacles and young mussels.

Despite the abundance of

these species their reproductive biology has not been
examined.
Reproductive studies of muricids in relationship to
environmental factors are almost non-existant.

Work on the

biology of Thais lapillus by Moore (1938), constitute the
bulk of the literature in this regard.
Other work has been directed towards the commercially
important oyster drills such as the mating behavior and
spawning in Eupleura caudata

and Urosalpinx cinerea

(Hargis, 1961; Carriker, 1955; Manzi, 1970) and spawning
behavior in Tritonalia japonica (Chapman and Banner, 19^9).
In the present study, the following aspects of the
reproductive biology of T. emarginata and T. canalieulata
are presented:

Relationship of gonadal development to

environmental factors; Histological changes in the repro
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ductive organs during the gametogenic cycle; Spawning
behavior; and Morphology of the egg capsules.
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METHODS AND MATERIALS
Ten individuals of each species were collected at
bimonthly intervals for thirteen months.

T. emarginata was

sampled from Second Sled Road, while T. canaliculata was
collected on the jetty at Nick's Cove in upper Tomales Bay
(Figure 1)„

Since the females were gregarious, half of each

sample was collected in sparsely populated areas so both
males and females would be sampled.

The snails were then

taken to the laboratory where shell measurements, sex ratios,
and preparations for sectioning were undertaken.
Length of the shell was determined by measuring with
vernier calipers the distance between the shell apex and the
tip of the anterior siphonal canal.

Sex determination was

first attempted by using the live sex technique formulated
by Hargis (1957).

However this method proved impractical

because it was time consuming.

Therefore, sex was determined

by removing the soft parts from the shell with the aid of a
vise, and examining the reproductive system.
The gonads, along with various other structures of the
reproductive system, were fixed in Bouin's fluid.

Using

standard histological techniques, the tissue was infiltrated
with 52.5°C paraffin, sectioned at ten micra, stained with
Harris' Hemalum, Alcian blue, and counterstained with Eosin
B.

Alcian blue was used for the identification of mueou^

cells.
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Hydrographic data was monitored at both collecting
stations.

This included air and surface water temperature,

surface salinity, hydrogen ion concentration, and relative
humidity.

Tide tables were interpolated in determining

periodicity, and the length of time the snails were exposed
to air.

BODEGA
BAY
% SECOND SLED ROAD

%N ICK'S COVE

N

Thais emarqinata
Thais canaliculata

PT. REYES
C o l l e c t i n g Areas Within Tomales and Bodega Bays

RESULTS
It is appropriate to discuss maturation of each r.poci
Separately because of the difference in their reproductive
biology.
Thaia emarginata
In T. emarginata there was a presence of spcrmatoso.a
in all of the males throughout the sampling program.

The

testes consisted of many tubules each containing ripe cporr
With their heads attached to the epithelial walls, and the
tails extending into the lumens (Figure 2a).

Each tubule !

Surrounded by a thin layer of connective tissue.

The

Seminal vesicles were densely packed with spermatozoa.
Throughout the year there were no histological orange:
in the prostate gland.
filiated (c)

The lumen (lp) appears as ci

-longitudinal slit (Figure 2b).

dorso

Cv.c^

fionally blind diverticula were seen projecting into tr.c
lobes of the gland.

.Similar results were observed in other

heogastropods, Fretter (19^1)*
Qualitative observations showed that females sp-

-

throughout the year with most active spa-..nin0
late November through February.

This is similar to tr.c
, m e n t i o n e d by (Costello,
and Pelseneer,

1935).
idclle of

females were eollecte
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May whereas the other ninety per cent of the samples showed
little gametic activity.

Ovaries sectioned from ripe females

were packed with mature ova, while the other females showed
follicle cells which contained vast amounts of connective
tissue with a few immature oocytes lining the follicular
walls (Figure 3a).
Maturation of the gametes took place from late spring
#

through September simultaneously with the disappearance of
follicular connective tissue.
present.

In some cases mature ova were

By the end of September nearly

seventy per cent

of the females sampled had gonads packed with mature ova,
with a few cells in the earlier stages of gametogenesis
were present on the follicular walls (Figure 3h).

By late

November mass spawning had commenced.
During this period the females congregated in large
clusters of twenty or more.

After spawning., the snails

moved from the immediate area leaving behind large masses
of egg capsules.
Histological changes within the female reproductive
aystem accompanied gametogenesis.

When gametic activity

was at its lowest level, there was no differentiation with
respect to staining in regions of the subepithelial gland
cells of the capsule gland (Figure 4a).

As the gonad

ripened, the medial regions (mr) of the capsule gland lost
their homogeneous staining qualities and became differentiated
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(Figure 4b).

This differentiation was probably due to

increased activity in the gland cells (sg).

The ingesting

gland changed conspicuously during gametogenesis.

In

females with little gametic activity the gland was devoid of
sperm and appeared as an irregular structure containing
numerous blind tubules (t) lined with epithelial gland (eg)
cells (Figure 5a).

In ripe and newly spawned females, how

ever, the gland is packed with dark masses of spermatosoa
(Figure 5b).

Upon closer examination it appeared that the

epithelial cells were actually ingesting the sperm.
Histological changes in the albumin gland were not
seen.
It is interesting to note that a sperm sac (sc) is
located

within the capsule gland (cp).

This sac runs

parallel to the ventral channel (vc) and is filled with
sperm, arranged in an orderly fashion with their heads
attached to the walls (Figure 6a).

In addition, there is a

continuous opening (ov) between the sac and the ventral
channel.

A complete description of the reproductive systems

of both T. emarginata and T. canaliculata can be found in
(Smith and Houston, in preparation).
Thais canaliculata
As in T. emarginata 3 T. canaliculata males were ripe
throughout the year (Figure To.).
During gametogenesis no histological changes were

~
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observed in the prostate gland.

However, the general shape

of the gland is different from that of T. emarginata
(Figure 7b).
Contrary to T. emarginata, T. canaliculata exhibited
definite maturation and spawning seasons.

From June to

December females exhibited little gametic activity.

Gonadal

sections showed that the follicles contained much nutritive
tissue with a few immature eggs lining the follicular wall
(Figure 8a).

However, in January and February there was a

rapid increase in gametic activity, characterized by a
marked reduction of connective tissue within the follicles.
By the eleventh of March, eighty per cent of the females
sampled contained ripe ova.

Gonadal sections showed

follicle cells expanding with mature ova (Figure 8b).

By

the twenty-fourth of March spawning was observed in the
field.
The most active period of spawning extended from the
twenty-fourth of March through the nineteenth of May.

There

was no sporadic spawning throughout the year as was the case
for T. emarginata.

v.

Throughout the garnetogenic and spawning periods sections
were made of the capsule, ingesting, and albumin glands.
Histological and structural changes were similar to those
observed in T. emarginata.

No sperm sac such as that
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in T. emarginata was observed in T. canaliculata.
Sex and Shell Measurements
In addition to observing histological changes of
gonads, sex and shell measurements were recorded for each
species.

Of the total sample of 252 2*. emarginata, 144 were

female, and 108 were male.

Three of the females were

morphological hermaphrodites.

Of 252 T. canaliculata , 113

were female and 139 were male.

There were no hermaphrodites

found in T. canaliculata.
In both species the females were longer than the males,
which suggests that sexual dimorphism may exist in these
animals.

Average lengths for T. emarginata were 13.9mm for

females and 17-8mm for males.

Respective lengths for

T. canaliculata were 26.5mm and 24.8mm.
Spawning Behavior and Egg Capsule Morphology
Spawning was observed in the laboratory as xvell as in
the field.

Both T. emarginata and T. canaliculata dioplay

a similar spawning behavior.

Prior to depositing egg cap

sules, the females twist and move in a contorted fashion.
As the capsules are deposited, they are surrounded by
epipodial palps and caressed or rubbed by the cephalic
tentacles.

The epipodial palps then constrict the base of

the capsule and deposition is completed.
Capsule deposition was more rapid in

T. emarginata
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than for T. canaliculata.
would

On the average T. emarginata

deposit one capsule every thirty minutes, as opposed

to an average of one capsule every hour for T. canaliculata.
Individual females of T. emarginata would lay eight or nine
capsules, with one female depositing thirty-one.

T.

canaliculata females would average six capsules.

Morphologically the capsules of T. emarginata are vase
shaped with a short constricted base joining a flat pedal
disk.

The plug on the top of the capsule Is a transparent

gable shaped covering (Figure 12).
As shown in figure 12, the body of the capsule of
T. canaliculata assumes a different shape, with a narrow

stalk that joins the pedal disk.

The cylindrical-shaped

plug at the top of the capsule is a separate hollow chamber.
Egg numbers were determined by opening the capsules
and counting the eggs under a dissecting microscope.

The

number of eggs per case was about the same in both species
(200-300).

Development in both T. emarginata and T. canaliculata
is direct with the young adults emerging through the opening
on top of the capsule.

It was observed that only a small

percentage of eggs would actually develop into juveniles:
five per cent for T. emarginata and three per cent for T.
canaliculata.

The remaining unfertilized eggs served as

food for the developing embryos or larvae.

This: occurs in

Figure 7a:

Section through testes of male

Figure 7b:
gland.
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|
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1

Figure 8ar

Section through undifferentiated ovary of
female T. canaliculata.

Figure 8b:

Section through ripe ovary of female T .
canaltculata.
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Figure 8a

Figure 8b
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other neogastropods: Ankel (1936a); Ganeros (1958); Hancock
(1956); Kohn (1961); and Hargls (1961).
Hydrographic Observations
Surface water temperature, surface salinity, and daylength were plotted to exemplify the seasonal trends which
occurred (Figures 9, 10, and 11).

Kinne (196.3; 1964) has

indicated there may be a relationship of maturation in
invertebrates to changes in temperature and salinity.
Relative humidity and hydrogen ion concentration
remained relatively stable throughout the sampling program,
and data concerning air temperature and the length of time
the snails were exposed to air show meaningless fluctuations.
In general, the seasonal trends in water temperature
were the same for Nick's Cove and Second Sled Road (Figure
9).

However the water temperatures at Nick's Cove were one

to three degrees warmer than at Second Sled Road.

This is

because the bay water was protected by adjacent land masses,
and thereby subjected to local climatic conditions for longer
periods than the water at Second Sled Road.

There was al^o

less mixing with offshore water at Nick's Cove.

In November,

a cooling trend began which lasted until the middle of
January.

From January through the second week m March,

water temperatures remained relatively stable (9.5-H«8 C).
Temperatures rose with maximum readings of l8°C for Nick's
Cove, and 16°C for Second Sled Road in late summer and early
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fall.
Salinity trends were also similar for both areas
(Figure 10).

There was a sharp drop in salinity during the

winter months.

This was the result of precipitation and

fresh water runoff.

During February 1969 the salinity at

Nick's Cove was 1*1.5 p.p.t., which was almost twice as low
as that recorded at Second .Sled Road (25-2 p.p.t.).

This

was largely due to the runoff from adjacent Walker Creek.
On the other hand, most of the runoff at Second Sled Road
was carried away by the longshore current or mixed with
offshore water.

In early March there was a sudden increase

in salinity, which continued to rise slowly until midsummer
when the highest readings were recorded (34.0 p.p.t. for
Second Sled Road, and 33-8 p.p.t. at Nick's Cove).

During

this time the salinity remained steady until the fall when
storms caused a slow steady decline.

Figure 9 .

2

4

PLUG

BODY

BASE
PEDAL OISK
5mm

EGG
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Figure 12
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DISCUSSION
Environmental factors that initiate and control gametogenesis and spawning in mollusks are not well known.
Loosanoff (19*15; 1958) has shown that water temperature
affects gametogenesis and spawning in oysters.

Maturation

of gametes occurs after sustained exposure to relatively
high temperatures.

Gametogenesis in the Opistobranch

Aplysta has also been shown to be stimulated by elevated
temperatures, (Smith and Carefoot, 1967)Contrary to the above studies, data compiled in this
investigation does not support the hypothesis that water
temperature Is directly correlated with gametogenesis and
spawning in T. emavginata.
The water temperatures at Second Sled Road exhibit a
definite warming trend from late spring through the summer.
During this time over seventy per cent of the females
sampled show an increase in gametic activity.

By September

and early October maximal temperatures of 16 C are obtained,
and the follicles are packed with ripe ova.

By late

November mass spawning was observed and continued through
out the colder months until February when minimal tempera
tures of 9.5°C were recorded.

However, observations showed

that sporadic spawning occurs throughout the year.

At

least one ripe female was found in over ninety per cent of
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the samples collected.

Therefore, in this species, gameto-

genesis and spawning appear to be independent of water
temperature.

These results agree with other studies

involving fauna which inhabit exposed or semi-exposed rocky
intertidal areas.

A ten year study by Giese (1959) showed

that gonadal development in the chiton, Kathartna tunicata,
only occasionally showed a.correlation with seasonal changesin water temperature.

Monroe and Boolootian (1965) suS

gested that water temperature alone does not stimulate
spawning in the chiton,

musaosa.. According
Hapalia
to Orton

(1956), hydrographic factors can hardly stimulate spawning
in the limpet Patella

because different
vulgata
populations

.ill simultaneously spawn in areas with varying hydrographic
conditions.

In addition, Giese (1969) pointed out that

• f>~ black abalone Haliotis ovacKevovdvv
gonadal changes in the Dia
,-n-Vi seasonal changes in water tempshowed no correlation wit
rature.

that l o n g spawning seasons for
Thorson <19*6) suggests that lo g P
du.6 to tiiGir
, . in*,,* and Akera bullata
ssarzus reticulatus a*
arable vertical range. Conse
stribution over a con
fferent
omture for spawning at different
.ently the critical temp
^ not
M

-j -i

:pths would be reached at different time
nf its narrow vertical range
>ply to T. emarginata because
ibout two feet).

. cvcle is
The garnetogenic y

r

T

different for T.
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canalicu.la.ta In that definite seasonal trends exist.

Gametic

activity occurs from January until the middle of March when
water temperature is coldest.

At this time the ovaries of

eighty per cent of the females examined were ripe.
It is apparent that water temperature does not directly
affect gametogenesis because it occurs when temperatures are
relatively stable (Figure 9).

There is a correlation between

water temperature and spawning.

During the latter pa

March when temperatures began to warm up* mass spawning
occurs.

Peak spawning occurs through May until the warming

trend starts to level off.

At this time there is a marked

decrease in spawning even though slight increases in water
temperature occur throughout the summer.

By this time

sections of all of the gonads collected were devoid of
mature ova, indicating that the females were spent.
Loosanoff (19*12; 1965) demonstrates the effect of tempera
ture upon spawning for Crassostrea virginica in Long Island
Sound where climatic conditions are different from
California.
There does not appear to be a relationship bet
salinity and gametogenesis, because there was almost four
months of continuous precipitation from late 1968 throug
January 1969-

It is difficult to assess if the extreme y

low salinities encountered from January through Marc
affected the gametogenic and spawning periods of eit
S
V
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species.

The trends from high to low salinities, however,

are almost in phase with seasonal fluctuations in water
temperature (Figures 9 and 10).
Photoperiod is not correlated with gametogenesis and
spawning in T. emarginata because sporadic spawning was
observed throughout the year.

However, photoperiod may

affect gametogenesis and spawning in T. canaliculata
creased gametic activity started soon after the increase in
daylength.

By the time there was approximately twelve hours

of daylight eighty per cent- of the females collected were
ripe.

The period of most active spawning continued from the

last of March through May, with a sudden decrease in activity during the period of maximal daylength.
Giese (1969) determined that the period of most rap"
gonadal growth of BaliotU cracheroidii started when daylength was maximum and continued through September as
daylength decreased.

However, his data does not

substantiate a direct relationship between photoperiod and
gametogenesis.

He suggest the possibility that photoperiod

may initiate the gametogenic cycle.

Then after spawning,

daylength is still greater than the minimum, gametogenesis
will again be initiated.
Lunar periodicity has been suggested to stimulate
spawning.

Grave (1922) has shown this relationship for the

chiton Chaetopleura apiculata.

The oyster Ostrea. edulis
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lays more eggs between full and new moons than between new
and full, although It Is uncertain whether it is the phases
of the moon or some other parameter (Korringa, 1917).
It was previously mentioned that both T.
T. canalicular

and

emarginata

feed upon barnacles and small mussels.

From

laboratory observations it was noticed when both barnacles
and mussels were placed in .the same pans with either species,
that the snails would first consume the barnacles and then
the mussels.
barnacles.

Therefore, the primary diet of both species is

It was observed that Balanus glandule sets

during the same period in which

I. canaliculate

Sondra Smith, personal communication).

spawns (Mrs.

If the timing

right, when the young snails hatch they will be able
upon the newly set barnacles.

More work is needed in this

area before a conclusive relationship can be drawn.
Control of gametogenesis and spawning may be indirectly
correlated with environmental conditions.

Loosanoff an

Davis (1952) propose that gametogenesis could be affe
only indirectly by environmental parameters which would act
on an internal regulating system.

Regulating systems

affecting gametogenesis have been described in cephalopoda

(Wells and Wells, 1959).

Such regulating systems were not

examined in the present study.

• •

It has been shown that this study and the previous work
has been concerned with organisms that occur in two different
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environments; the rocky intertldal and the protected bay
areas.

Each one of these areas has its own set of environ

mental variables which may be entirely different from one
another.

The point that should be emphasized is that direct

correlation of environmental factors to garnetogenesis and
spawning have arisen from studies with bivalves in protected
bays, as opposed to those conducted on chitons and gastro
pods in coastal rocky intertldal regions.
An excellent example is Long Island Sound wncre
Loosanoff (19*12) found wide temperature fluctuations to be
directly correlated to gametogenesis and spawning in
virginiaa.

On the other hand, Ortcn (1956) has

suggested that there may be a correlation between waveshock and the onset of spawning in Patella vulgata, which
occurs on the rocky coasts of the British Isles.
In conclusion, a vast amount of work and thought should
be directed towards gonadal studies on organisms that occur
in the rocky'intertidal.
Various glands and structures within the reproductive
system undergo cyclic changes during gametogenesis.

It was

noticed in both T. emarginata and T. eanaliculata, that the
staining properties of the capsule gland changed with
periods of gametic activity.

Bayne (1968), has shown histo-

chemicaHy that egg capsules of Prosobranch gastropods are
composed of several layers.

These layers are constructed
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from d i f f e r e n t compounds composed o f g l y c o p r o t e i n s and
m u c o p o l y s a c c h a r•i>»„.,
des.

Qi1nn c
fP
d iifnf e
erentiation in the gland
S
e a

occurs during periods of high gametic activity, I t i s
possible that these different staining patches are gland
c e l l s s p e c i f i c t o t h e d i f f e r e n t s e c r e t i o n s t h a t compose an
egg c a p s u l e .

As t h e o v a r y r i p e n s , t h e s e g l a n d c e l l s become

active i n preparation for the formation of the capsules.
A f t e r s p a w n i n g t h e g l a n d c e l l s become i n a c t i v e , a n d t h e
g l a n d a s s u m e s i t s homogeneous s t a i n i n g q u a l i t y .
I n r i p e f e m a l e s t h e r e i s i n c r e a s e d a c t i v i t y i n mucous
cells that are in proximity to the ventral channel.

Since

there i s no musculature within the capsule gland, these

of t h e ' e g g c a p s u l e from t h e g l a n d .

The t w i s t i n g movements

o f t h e f e m a l e d u r i n g d e p o s i t i o n may a l s o a i d i n t h e removal
of the capsules.
As d e s c r i b e d e a r l i e r , t h e i n g e s t i n g g l a n d a p p e a r s t o
b e c y c l i c i n a c c o r d a n c e w i t h g a m e t o g e n e s i s and s p a w n i n g .
i n f e m a l e s which h a v e r e c e n t l y spawned t h e p r e s e n c e of sperm
b a l l s w i t h i n t h e lumens o f t h e g l a n d s u g g e s t t h a t sperm

remaining after fertilization are' reabsorbed.

Spermatozoa

were a c t u a l l y s e e n b e i n g i n g e s t e d by e p i t h e l i a l g l a n d c e l l s
in T. emavginata.
Pretter (1911).

These o b s e r v a t i o n s a g r e e t o t h o s e o f
Marcus and Marcus ( 1 9 6 2 ) have o b s e r v e d

sperm I n g e s t i o n w i t h i n t h e b u r s a c o p u l a t r i x and g o n o p e r i -
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cardial duct in columbellids that do not have a separate
ingesting gland.

Sperm ingestion has also been observed in

similar glands of other prosobranchs, (Fretter, 1911; and
1967)In Eupleuva

Smiths

caudata

and

Vrosalpinx oinexea,

Hargis

(1961), argues that if sperm left over from one mating are
not completely reabsorbed,-then they are viable for the next
spawning period.

He also suggest that sperm ingestion

would be a way of disposing of "sick" sperm which would
otherwise penetrate ripe ova and block the passage of viable
sperm.

On the other hand Fretter <»*!> suggests the possi

bility that ingested sperm serve as nourishment for the
adult.
Since the males of both species are always ripe, there
are no seasonal variations in the prostate gland.
The existence of an anterior sperm sac in

T. e.adnata

may account for the sporadic spawning noted throughout the
year.

Retention of sperm would enable females to fertilize

and deposit capsules without ever coming into contact with
a male.

It was previously mentioned that spawning rates and

- I O * lain for an Individual female was greater
number of capsules lam ior
for

enavpinata.
T.

These higher rates may possibly be

attributed to the presence of the sperm sac because the
retention of sperm would increase the production of fertilized
ova, which in turn would require a greater number of egg
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capsules.
Observations by Marcus and Marcus (1962) point out that
in some species of columbellids the bursa copulatrlx is
divided into two sacs.

One side serves as a sit

ingestion, as mentioned earlier, while the other
sperm storage.

A similar case is known from the Rissoidae

(Johansson, 1957)•
It is noted that 1.2 per cent of the population of
T.emarg-inata are morphological hermaphrodites.

They

functional females with a rudimentary male system containing

a small penis Cp) and the anterior portion of the penial duct
(pd) (Figure 6b).

In Lora turricula, Smith (1967) i°und

different stages of hermaphrodism existing within a population.
Fretter and Graham (196*>. suggest that genetic changes
and environmental conditions are two criteria for herma
phrodism in a population.

The "gene disperse! model" for

hermaphrodism is stated by Ghiselin (1969).

He -ay- tha

the genetic environment of a population may be affected by
limitations upon gene dispersal.

For example. If there is a

greater number of one sex. the number of viable crosses
would be decreased, thereby lowering the variability within
a population.

Hence, simultaneous hermaphrodism would

equalize the sexes hereby increasing the effective popula
tion size.

This may possibly explain why the sex ratio in
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T. emarginata

is more or less stabilized.

Murray (1964) points out that in addition to herma
phrodism, multiple matings and sperm storage will maximize
the effective population variability.

This would explain

the functional importance of the anterior sperm sac.

If

multiple matings occur the female will have sperm from
different males in her sperm sac.

The resulting embryos

would then contain a wide variety of hereditary facto
Hargis (1961), has suggested this for Urosalpinx cinerea
and EupZeura. caudata.
It was previously stated that the external shape of the
ege capsules is different for I. emarginata and T.
canalioulata. Pretter and graham (1962) state that in

neogastropods the shape of the cavity of the ventral pedal
Bland resembles that of the egg capsule.

In these species

there was no difference observed in the shape of the glands.
In Tarvanmurex territus the capsules are vase shaped (M
196'!), as opposed to lens shaped capsules m the oyster drill
Bedeva har.leyi, (Hedley, 1916).

Some of the studies

illustrating differences in egg capsule morphology are:
Anderson (I960); Bayne (1968); Pretter (1911. 1996).
(1931a; 1933; 19396; and 1937); and Portmann (1926; 1927;
1930; and 1955).

Additional notes on egg capsules are given

in Pelsneer (1911)5
Egg capsules of

Smlth

0961).

emarginata

and T. c a n aIl.i o u l a t a
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contain large numbers of eggs of which only three to five
per cent developed into adults.

On opening the capsules it

was noted that most of the eggs had fused into a yolk mass
on which the developing larvae fed.

Nurse egg feeding is

known for Thais lapillus (Costello, 1957) and other n
gastropods (Fretter and Graham, 1962).

On the other hand,

Murray (196*) noted that the Australian muricid Toruamurex
frritee deposits nine to twenty five eggs per capsule, all

of which develop into adults.
According to Thorson (1950), prosobranchs with wide zoogeographical ranges tend to have brood protection and or
direct development in colder waters, and free swimming
in warmer waters.

He has shown this to be the case for

Thais haemostoma.

Since the zoogeographical range of

enarginatais so great, it would be interesting to test

Thorson's hypothesis on populations of this species that
occur on the coast of Baja California.

SUMMARY
1„

Thais emarginata spawns throughout the year

the most active spawning period from late November through
February.

From September to early November seventy per cent

of the females collected were ripe.

However, ripe females

were collected throughout the entire sampling program.
Changes in gametic activity showed no direct correlation
with water temperature, salinity, or photoperiod.
2.

Thais canaliculata exhibited a definite gametogenic

and spawning periods.

In January and February eighty per

cent of the females contained ripe ova, with peak spawning
occurring from the last of March through the middle of May.
There was no direct correlation between gametogenesis and
changes in water temperature because gonadal development
occurred when temperatures were relatively stable.
ing

Increas

temperatures, however, appear to affect spawning.

In

addition, photoperiod may influence spawning, for active
spawning occurred during periods of increasing daylength.
3.

During the gametogenic cycle histological changes ^

were noted in the capsule and ingesting glands of both species
AS gametic activity increased, different glandular areas be
came differentiated with respect to staining.

Also, it

appeared that sperm ingestion was taking place in females
that had just spawned.

Sections made of female r.
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revealed

t h e presence of an a n t e r i o r sperm s a c w i t h i n the

capsule gland.

Also, t h r e e morphological hermaphrodites

were c o l l e c t e d .
4.

species.

Egg c a p s u l e s d i f f e r i n t h e i r morphology f o r each

Development i s d i r e c t with t h e young hatching out

through an opening on t o p of t h e c a p s u l e .
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